139 La NMR study was carried out on melt-grown samples of La 1Ϫx Sr x MnO 3 (0рxр0.15). The microscopic magnetic structure of the parent LaMnO 3 was identified as a homogeneous antiferromagnet at low temperatures. Substituted compounds with xу0.1 demonstrate the homogeneous ferromagnetic phase. Only a lightly doped sample with xϭ0.05 shows the coexistence of NMR lines from ferromagnetic and antiferromagnetic phases. ͓S0163-1829͑99͒15901-0͔
The lanthanum manganite LaMnO 3 is an antiferromagnetically correlated insulator ͑Mott insulator͒ at all temperatures. It is a parent material for a wide range of the manganites families which are so popular now. Stoichiometric LaMnO 3 below the Néel temperature T N Ϸ140 K exhibits a layerlike antiferromagnetic order; i.e., the ferromagnetically coupled spins within ac planes ͑space group P nma ͒ are antiferromagnetically coupled along b. 1 The low-temperature magnetic structure for real LaMnO 3 samples has been variously reported as spin-canted antiferromagnetic ͑AFM͒, ferromagnetic ͑FM͒, or a domain mixture of the two. This discrepancy is a result of the strong dependence of magnetic properties on the very small variations of the La/Mn ratio and of the oxygen content.
Upon substitution of Sr 2ϩ for La 3ϩ , holes are induced at the Fermi level. As a result, the Mn spins first tilt until the system becomes a FM metal at high doping. As to the microscopic magnetic structure ͑especially in the insulating part of the diagram͒ there has been no complete agreement until now. Recent neutron 5 and NMR ͑Refs. 6 and 7͒ studies came to very different conclusions about the doping range for coexistence of AFM and FM phases in manganites. It should be noted that the question about the real microscopic magnetic structure of this materials seems to be of principal importance in a long discussion between two theoretical models. One of the models was proposed by de Gennes 8 and predicts for undoped and lightly doped ) and 99.9% natural abundance represents a nice local tool sensitive to both microscopic magnetic and quadrupolar interactions in the material. Keeping in mind the very high quality of the melt-grown crystals of La 1Ϫx Sr x MnO 3 prepared recently, 2 we have undertaken a detailed 139 La NMR study of these samples, addressing mainly their microscopic magnetic structure at low substitutions.
Crystals of La 1Ϫx Sr x MnO 3 ͑xϭ0, 0.05, 0.10, 0.15͒ were melt grown by a floating zone technique as described in detail in Ref. 2 . A powder x-ray diffraction pattern showed all the samples were single phase. Analyses of chemical composition were carried out using an electron probe microanalyser, redox titration, and thermogravimetry. Crystals were also characterized by resistivity and magnetization measurements as described in Ref. 2. 139 La NMR spectra were measured both in zero field ͑point by point frequency sweep, 5-30 MHz͒ and in a fieldsweep mode ͑0-8.5 T͒ at fixed frequencies with a phasecoherent spin-echo spectrometer. For the NMR experiment, crystals were powdered and two types of samples were prepared. The first one was just a powder which was oriented along the easy direction in an external magnetic field during the NMR experiment. The second sample was randomly oriented and fixed in paraffin. 139 La NMR at zero external field H 0 was measured for randomly oriented powders at 4.2 K. The spectrum for The spectra for samples with xϾ0 shown in Fig. 3 differ drastically from that for undoped LaMnO 3 . Even very light doping, xϭ0.05, NMR spectrum broadens and shifts to smaller fields. The component of the AFM line is still observable for this sample but disappears completely at higher dopings. The shift of the FM component to lower fields with increasing doping is in a good agreement with the H int (x) dependence measured at zero field La NMR in the same samples. 12 The spectra obtained demonstrate the homogeneous microscopic magnetic states-AFM in LaMnO 3 and FM in La 1Ϫx Sr x MnO 3 (xу0.1). It is most evident in Fig. 3 where we show the field-sweep NMR spectra in the wide field range. It's seen that even traces of alternative NMR lines ͑FM for xϭ0 and AFM for xу0.1͒ are not observable. It should be noted that for the single phase spectra ͑xϭ0, 0.1, 0.15͒ we used specially experimental parameters favorable for the alternative line ͑FM for xϭ0 and AFM for xϭ0.1, 0.15͒. This means that the admixture of the alternative phase is beyond the sensitivity of our experiment. We estimate an upper limit for the AFM component in FM xϭ0.1, 0.15 samples as about 2%. The xϭ0.05 sample was the only one where a coexistence of two NMR lines was observed and the spectrum in Fig. 3 reflects the real relative intensity of these lines ͑about 25% of AFM component͒.
From recent neutron data on melt-grown samples of La 1Ϫx Sr x MnO 3 ͑xϭ0.04, 0.125, 0.17͒ ͑Ref. 5͒ the lowtemperature magnetic structures for these compounds are as follows. The material with xϭ0.04 is a canted AFM with a small admixture of FM phase. By contrast, the xϭ0.125 sample exhibits a large FM moment with small admixture of an AFM component. The sample with higher doping (x ϭ0.17) shows only an FM component. Our NMR results for the substituted compounds are in qualitative agreement with those neutron data. We also observed a coexistence of AFM and FM states, but our xϭ0.05 sample is mainly FM ͑about 75% of FM components͒ and for xϭ0.1 we found no traces of AFM components. Keeping in mind that the samples used in Ref. 5 were not completely identical to ours this small quantitative discrepancy looks quite acceptable.
Recently the results of a La-NMR study in ceramic samples of La manganites ͑including the parent LaMnO 3 ͒ were published. 6, 7 As for undoped LaMnO 3 those data differ completely from ours. In all the samples ͑including nominally undoped LaMnO 3 ͒ a very broad La-NMR line ͑about cally inhomogeneous magnetic order on a microscopic scale in the entire range 0рxϽ0.25 ͑which develops at low temperature into the intimate mixture of FM and AFM correlated domains͒ and as an indication for the presence of magnetic polarons.
Our data do not confirm this conclusion demonstrating an existence of pure AFM (LaMnO 3 ) as well as pure FM (x у0.1) samples. We suppose that the experimental results and the main physical conclusion of Refs. 6 and 7 are relevant rather to certain ceramic samples than to the material itself. The ferromagnetic transition at 115 K found in their nominally undoped LaMnO 3 sample disagrees evidently with the published magnetic diagrams of this material. 2, 13, 14 It should be also noticed that the low-temperature La-NMR spectrum of nominally undoped LaMnO 3 ceramic sample ͑see Fig. 9 in Ref. 6͒ being converted in a field domain is rather similar to our spectrum for La 0.95 Sr 0.05 MnO 3 which has 7͑2͒% of Mn 4ϩ ions due to redox titration. 2 These disagreements support our suspicions about oxygen and/or cation off stoichiometry of the samples used in Refs. 6 and 7. This is quite possible since the ceramic samples suffer from the presence of grain boundaries where the modifications of the microscopic magnetic structure likely take place. In fact, the resistive and magnetotransport properties of our crystals differ considerably from those of ceramic samples, as shown in Ref. 2 .
Following Ref. 5 we would like to emphasize the very sharp changeover of the AFM and FM components despite a linear variation of the hole density. Due to our NMR data this changeover looks probably even more sharp with its central point close to xϭ0.05. To our mind it would be interesting to study in detail the macroscopic and/or microscopic magnetic structure of the high quality La 1Ϫx Sr x MnO 3 crystals in a range of substitution 0ϽxϽ0.1 to shed light on a more complicated phase diagram that believed earlier.
In conclusion, we have shown from 139 La-NMR data that the magnetic structure of La 1Ϫx Sr x MnO 3 compounds measured on high quality melt-grown crystals is microscopically homogeneous beyond the range of 0ϽxϽ0.1. The parent LaMnO 3 has an AFM structure, the Sr-substituted compounds are FM, the admixture of alternative phase being negligible. The very sharp changeover of the AFM and FM components was observed around xϭ0.05.
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